Updated Model Report for Christina River Basin,
Pennsylvania, Delaware, and Maryland,
High-Flow Nutrient and DO TMDL Development

Draft

January 13, 2006

U.S. Environmental Protection Agency
Region 3

1650 Arch Street

Philadelphia, Pennsylvania



CONTENTS

Page

1 INTRODUCTION .o e e e 1-1
2 WATERSHED LOADING MODEL . ... e 2-1
2.1 HSPF Model OVErVIEW . ... 2-1

2.2 XP-SWMM MOodel OVEIVIEW . ...ttt e e 2-2

2.3 Modeling AsSUMPLIONS . ...t 2-5

2.4 HSPF Model Configuration . ......... .. 2-5
2.4.1 HSPF SUDDaSINS . ... 2-5

2.4.2 Land Use Classifications . ...........c.iiiii e 2-5

2.4.3 NULHENE SOUICES . oottt e e e e 2-11

2.4.4 Time Step and Simulation Duration ........... .. ... ... i i 2-11

2.5 Model Testing and Calibration ........... .. .. .. i i 2-11

3 EFDCHYDRODYNAMIC MODEL . ... e e 3-1
3L GENeral . 3-1

3.2 Hydrodynamics and Salinity and Temperature Transport — ......................... 3-4

3.3 Sediment TransPOrt ... e 3-5

3.4 Water Quality and Eutrophication Simulation ............. ... .. ... .. .. ... ... ... 3-5

3.5 Toxic Contaminant Transportand Fate ............. ... .. . .. 3-6

3.6  Finfish and Shellfish Transport . ........... ... i i, 3-6

3.7 Near-field Discharge Dilution and Mixing Zone Analysis .......................... 3-7

3.8 Spill Trajectory and Search and Rescue Simulation ............................... 3-7

3.9 Wetland, Marsh, and Tidal Flat Simulation ............. ... ... ... . ... 3-7
3.10 Nearshore Wave-induced Currents and Sediment Transport ........................ 3-8
311 User INterface . ... 3-8
3.12 Preprocessing Software . ... ... 3-9
3.13 Program Configuration . ........... . . e 3-9
3.14 RUN-TIMe DiagnostiCs ...ttt 3-9
3.15 Model OUtpUL OPtioNS .. oo 3-9
3.16 Postprocessing, Graphics and Visualization ............... ... .. ... .. ... 3-10
3.17 DOCUMENTALION ..ottt e e e 3-10
3.18 Computer ReqUIrEMENtS . .. ..t 3-10

4 EFDCWATER QUALITY MODEL .. ..o e 4-1
4.1 INrOdUCTION ..ot e e e e e e 4-1

4.2 Conservation of Mass EQUation ............. i e 4-4

4.3 AlGaE .. 4-6

4.4  Organic Carbon . ... ... e 4-11

4.5  PhOSPhOrUS ..o e e 4-16

4.6 NIOGEN .o 4-21

A7 SICA o 4-26

4.8 Chemical Oxygen Demand . .......... it i e e e 4-28

4.9  Dissolved OXYgEN . ... e 4-29
4.10 Total Active Metal .. ... ... 4-31
4.11 Fecal Coliform BacCteria . ..........ouiiiuii 4-32
4.12 Method of SOIULION . ... o 4-32
4.13 Macroalgae (Periphyton) State Variable ........... ... ... ... . . i 4-33

5 EFDC SEDIMENT PROCESS MODEL ... ... 5-1



5.1 Depositional FIUX ... ... 5-3
5.2 DIagenesis FIUX . ... ... 5-5
5.3  Sediment FIUX .. ... 5-6
ST S | o 5-18
55 Sediment Temperature . ...ttt 5-19
56 Method of Solution . ...... ... 5-20
6 EFDC WATER QUALITY MODEL CALIBRATION ... ... . e 6-1
6.1 Modeling AsSUMPLIONS .. ... i 6-1
6.2 Model Configuration ... ... . e 6-1
6.2.1 SEgMENtatiON .. ... 6-3
6.2.2 Streamflow Estimation ............ .. . 6-3
6.2.3 Atmospheric and Tidal Boundary Conditions ................ ... .. .. ....... 6-3
6.2.4 Initial Conditions ... ... . 6-5
6.2.5 Point and Nonpoint Source Representation ..................cviiiiienan.. 6-5
6.2.6 Time Step and Simulation Duration ............. ... . i 6-7
6.3 Model Calibration Results .. ........ ... e 6-8
6.3.1 Tide Elevationand Phase . ............ . i 6-8
6.3.2 Water Depth and Stream Velocity ......... ... ... .. i 6-9
6.3.3 Sediment Oxygen Demand and Benthic Nutrient Fluxes ..................... 6-10
6.3.4 Water Quality Calibration Results ......... ... ... .. .. . . i 6-11
6.3.4.1 Mean Error Statistic .. ......... .. .. i 6-13
6.3.4.2 Absolute Mean Error Statistic . ........... ... .. . i 6-13
6.3.4.3 Root-Mean Error Statistic . .. ... 6-13
6.3.4.4 Relative Error Statistic ............. i 6-14
6.3.4.5 StatisticResults . . . . ... . 6-14
7 REFERENCES ... e 7-1
Appendix A Model-Data Time-Series Graphics
Appendix B Summary of Wilmington CSO Volumes and Loads
Appendix C Miscellaneous Information
Appendix D Listing of Input Data Files for EFDC 1994-1998 Calibration Run



Reasons for Updating the Model

On April 8, 2005, the Region I11 (Philadelphia, PA) office of the Environmental Protection Agency (EPA)
established Total Maximum Daily Loads (TMDLSs) for nutrients and dissolved oxygen under high-flow
conditions for the portions of the Christina River Basin listed on the Clean Water Act Section 303(d) lists
for the Commonwealth of Pennsylvania and the State of Delaware.

Following the establishment of the Christina River Basin TMDLSs, the City of Wilmington and Delaware
DNREC completed a storm-monitoring program. The goal of the storm-monitoring program was to
collect nutrient and bacteria data from four storm events to establish characteristic concentrations for the
CSO discharges in the City of Wilmington. Two storm events had been available in time for the April
2005 TMDL modeling effort. After April 2005, the additional storm monitoring data were available.
This updated model incorporates the additional storm data to establish updated event mean concentrations
(EMCs) for the Wilmington CSO discharges as documented in Table 2-1 of this report.

For the April 2005 TMDL modeling effort, groundwater flows and nutrient loads for some of the HSPF
subbasins were incorrectly included twice in the EFDC receiving water quality model. This problem with
the HSPF-EFDC linkage was corrected and the proper groundwater flows and loads are used for this
updated modeling effort. The EFDC model was recalibrated following the correction of the problem with
the groundwater loads.

The HSPF and EFDC models were calibrated using information for the 1994-1998 period, including
NPDES facilities that were in existence at that time. The NPDES facilities were updated prior to the
April 2005 TMDL. Additional information on the NPDES discharges has become available since
issuance of the April 2005 TMDL and has been incorporated into this revised TMDL. The April 2005
model used permit limits for ammonia nitrogen of 10 mg/L and total nitrogen of 20 mg/L for the small
residence discharges (flow rate of 500 gpd). For this revised TMDL, the permit limits for ammonia
nitrogen and total nitrogen were changed to 30 and 40 mg/L, respectively, which are more appropriate for
these types of small discharges. This change in nitrogen loading from the small residence discharges had
negligible impact on receiving water quality.

Specific updates to this report include:

Additional CSO storm monitoring data added to Table 2-1 and text changed accordingly
Revised EFDC calibration statistics in Table 6-8

Appendix A was updated with revised calibration time-series graphs

Appendix B was updated with revised CSO loads based on new EMCs from storm monitoring
Table C-1 was updated with revised NPDES information

Table C-2 was updated with revised effluent characteristic information

Appendix D was updated with the latest EFDC model input file listings.



